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Q: Who needs flare forecasts?
A: Who's asking?  and Why? 

● Time-of-flight = c

● Space Assets (including humans)
● High-Altitude radiation exposure

● Ionospheric/Stratospheric effects: few minutes.

● Communications/Time/Location 

● Geomagnetic impacts

●  Association with CMEs/SEPs

● Science/Physics/Mathematics/Computer Science

● Basic physics (forecasting is the best test of understanding)
● Statistical methods of forecasting rare events.



To flare, a solar active region must be “Big, Bad, and Angry”    

Why this is hard,  I: we do not understand the physics.
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“Causes of Flares”: Big 
● Larg(er) active regions are more flare productive.
● More magnetic energy  B2/8π
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“Causes of Flares”:  Bad  
● Non-potential, complex, “tangled” active-region magnetic fields.
● Indicates significant “free magnetic energy” is available.
● Indicates more “options” for the corona to begin reconnection.

Why this is hard,  I: we do not understand the physics.
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Why this is hard,  I: we do not understand the physics.

Flaring and Flare-Quiet regions can 
be very similar, at any given moment.

maybe...



“Causes of Flares”:  Angry   
● Rapidly evolving.
● New sunspots emerging close to old ones.

Why this is hard,  I: we do not understand the physics.
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Unlike Terrestrial Weather, 

Why this is hard,  II:  remote sensing.



*I think I'm fairly safe 
saying “never” here.

Why this is hard,  II:  remote sensing.

Unlike Terrestrial Weather,
we will never* get regular 
in-situ measurements 
from the Sun.  

This means all of our 
scientific measurements 
(magnetic field, density,
temperature, velocities) 
are indirect. 



Why this is hard,  III:  Flares are rare.
Corrollary: Big Flares are really rare.



Present Status:
● NOAA/Space Weather Prediction Center:

● Daily forecasts for a few event definitions.
● Many factors/inputs used in forecasts.
● Decades of experience.
● Forecasts used by many Centers.
● Report Skill statistics in many forms.

Generally fair skill reported.



Present Status:
Lots of research:

Difficult to find 
skill statistics.



Discriminant Analysis Flare Forecasting System (“DAFFSDAFFS”)
 Based on prior research, further developed under                                   

   NOAA/SBIR Phase-I Feasibility study.

 “Feasibility Study” = “Can it Work? Can it Perform?”
 not yet a prototype: that's Phase-II (hopefully!).

 Uses solar magnetic field observations, coronal modeling, 
helioseismology, evolution, and prior flare history.

 Discriminant Analysis to compute parameter-space separation 
between “flaring” and “flare quiet” and make forecasts.

 Categorical or Probabalistic

 Performance Evaluation

Leka & Barnes 2003a, b
Barnes & Leka 2006
Leka & Barnes 2007
Barnes et al 2007
Barnes & Leka 2008
(see poster downstairs) 



DAFFS uses numerous 
“pieces” of the puzzle:



Modeling the Coronal Magnetic Field
➢ Highly complex coronal magnetic fields store more 
energy,  and may be more “ready” to flare.
➢ Quantify the coronal field topology to:

➢ Indicate how much energy is available.
➢ Indicate readiness for magnetic reconnection.     

➢ Parametrize using connectivity matricies &  moment 
analysis to quantify:

➢ Distribution of poles.
➢ Number of connections and the flux contained.
➢ Magnetostatic Energy



Vector Magnetic Field Maps:
➢ Quantify indicators of flare productivity.

➢ Magnetic stress and stored energy.
➢ Parametrize using moment analysis to describe: 

➢ Magnetic Field Distributions
➢ Electric Current Distributions
➢ Complexity



Local Helioseismology 
➢ Plasma flows under active regions may indicate energy generation and storage.
➢ May also indicate imminent appearance of new magnetic flux.
➢ Helioseismic Holography

➢ Derive and parametrize 
➢ plasma divergence, flow vorticity.
➢ different depths 0.75 – 10 Mm below the surface.



Prior Flare History
➢ Previous flaring often best indicator of 
future flaring, especially for larger flares.
➢ Parametrize:

➢ Number, Size of Flares
➢ Flaring Rate



Recent Evolution
➢ Quickly-evolving active regions are often flare-productive.

➢ Growing, becoming more complex, etc.  
➢ Many computed parameters (from coronal modeling, 
magnetic field analysis, flaring history)  are also tracked for 
their recent evolution. 
➢  Recent evolution included in DAFFS



● Discriminant Analysis to compute parameter-space separation 
between “flaring” and “flare quiet”

●  New measurement (new active region) is predicted to flare/not 
according to its location relative to the discriminant function.

● Many improvements since 2003--2008 series of papers.

Earlier/Public:
Linear 1-Variable

Recent/Not yet public: 
Adaptive kernel, 
optimized smoothing, 
NonParametric
multiple-variable.

― flaring/― non-flaring histograms
- - - parametric PDFs
― DF 50% boundary

• flaring/ •non-flaring points
―/― AK/OS/NPDA PDFs
― DF 50% boundary



● Match NOAA published forecasts.  
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● Match NOAA published forecasts.  
● Two “flavors”:

 

●Full-disk  
● M1.0+, X1.0+; 
● 24hr validity;
● 0hr, 24hr, 48hr latencies. 

 Performance Evaluation



● Match NOAA published forecasts.  
● Two “flavors”:

 

●Full-disk  
● M1.0+, X1.0+; 
● 24hr validity;
● 0hr, 24hr, 48hr latencies. 

● Region-by-Region 
● C1.0+, M1.0+, X1.0+ 
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 Performance Evaluation – other details.

 Over (most of) Solar Dynamics Observatory mission 
 01 May 2010 – 30 November 2013.
 9,073 NOAA Active Region samples;
 14,929 SDO/HMI Active Region “Patch” samples;
 1,310 days.

 3,770 C-class flares, 335 M-class flares, 25 X-class flares.

 Compare Brier Skill Scores and Reliability Plots 
 BSS = 1.0 – MSE/MSEref

 BSS = 0.0 : No skill
 BSS < 0.0 : worse than no skill.
 BSS = 1.0 : perfect forecast.

 NOAA archive forecasts.
 Supplied by NOAA/SWPC (courtesy C. Balch)

  No uncertainties available.

 DAFFS results:
 The top few scoring options are shown.
 Uncertainties via bootstrap methods.



●Region-by-Region 
● C1.0+, M1.0+, X1.0+ 
● 24hr validity, 
● 0hr latency

NWRA approach generally 
demonstrates higher Brier Skill 
Scores.
➢ smaller error bars with higher 
sample sizes.



●Region-by-Region 
● C1.0+, M1.0+, X1.0+ 
● 24hr validity, 
● 0hr latency

NWRA approach generally 
demonstrates higher Brier Skill 
Scores.
➢ smaller error bars with higher 
sample sizes.

➢ Where BSS are similar, 
reliability plots show 
improvement.



●Full-disk  
● M1.0+, X1.0+; 
● 24hr validity;
● 0hr, 24hr, 48hr latencies. 
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demonstrates higher Brier Skill 
Scores.
➢ Especially for larger events @ 
longer latencies (2- and 3-day 
forecasts).



NWRA approach generally 
demonstrates higher Brier Skill 
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➢ Especially for larger events @ 
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●Full-disk  
● M1.0+, X1.0+; 
● 24hr validity;
● 0hr, 24hr, 48hr latencies. 



Summary:

● Forecasting Solar Flares is not easy.
● Rare Events
● Poorly-understood physics
● Remote Sensing

● NOAA/SWPC does pretty well!
● but DAFFS can do better,  for: 

● Region-by-Region forecasts.
● Larger events, especially @ longer-range forecasts.
● Lots of room (and options) for improvement*.

● Things people in this room should be aware of:
● Skill reporting can be critical, and tricky*.
● No* operational data source for this or most other methods.

* come by poster for 
details and discussion!





Extra Slides



Why this is hard,  II:  Flares are rare.
Corrollary: Big Flares are really rare.
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Why this is hard, IV:   Different customer needs.

● Requirements for Event Types 
(only large flares, only Geo-Effective SEPs, etc.)

● Required/Acceptable Forecast Windows, Frequency, Latencies 
● Other concerns (False Alarms, etc.)



● Example #1 – one method:
● Forecasts require data from single ground-based observatory, available 06:00 – 12:00 UT, 

when sunny, except Sundays.
● Very high Skill reported! 

● Q: What happens Sunday night? 
● A: Climatology.

● Example #2 – comparing two methods:
● Method #1 reports Heidke Skill Scores=0.50  for  C1.0—C9.9 flares in 2003.
● Method #2 reports Brier Skill Scores=0.36±0.03  for C1.0+ flares between 2001—2010. 

● Q: Which one's better?  
● A: no way to tell.

Difficult to find skill statistics
and

Very difficult to compare skill statistics.

● A: Direct, Coordinated Comparisons: 
ask about our Flare Forecast Workshops; results coming soon....



2) Standardized Data Sets: 
● Removes bias if method performance is only reported for select data.
●  If a method works well only on select, restricted data, operational use 
will be limited.

Example:
Method 3 only produces a 
forecast within 30° of solar 
disk center, and only for 
certain kinds of regions, and 
only for strong (M1.0+) flares.

For that subset of data:
HK/P/T SS: 0.21 
Brier SS: 0.19

When “reference forecast” 
used to include all data in 
standard set:

HK/P/T SS: 0.07
Brier SS: 0.06


